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Abstract: The sixteen (16) polycyclic aromatic hydrocarbons
(PAHs), compounds listed by the US EPA for priority attention
were quantitated in moss samples in the study area to ascertain
atmospheric pollution levels of these compounds. PAHSs
compounds in the digested samples were identified and
quantitated by the gas chromatographic-mass spectrometric
(GC-MYS) technique using column injector in splitless mode. In
many of the samples the machine returned Nd, revealing low
levels of PAHs contamination in the area. Concentrations of
PAHs in the samples ranged from, not detected (Nd) to 7.89 ng/g.
Naphthalene, a two-ring PAH showed the most dominance,
occurring in 12 of the 15 samples, while benzo|a,/h]anthracene,
indeno[],2,3-cd]pyrene and benzo[ghi]perylene were not detected
in any of the samples. Ankpa and Gaadi recorded 0.00 ng/g total
PAHs concentration/site, while sample from Modern Market
showed highest total PAHs concentration of 11.54 ng/g.
Application of molecular ratios in source identification revealed
that the PAHs fluxes in the samples derived from both pyrogenic
and petrogenic origins.

Keywords:  Polycyclic  aromatic  hydrocarbons, Funaria
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[. INTRODUCTION

osses are small flowerless plants that typically grow in

dense green clumps or mats, often in damp or shady
locations (Buck and Goffinet, 2000). The individual plants are
usually composed of simple leaves that are generally only one
cell thick, attached to astemthat may be branched or
unbranched and play only a limited role in conducting water
and nutrients (Buck and Goffinet, 2000; Goffinet and Buck,
2004). Although some species have conducting tissues, these
are generally poorly developed and structurally different from
similar tissue found in vascular plants. Mosses do not
have seeds and after fertilisation develop sporophytes with
unbranched  stalks topped  with  single capsules
containing spores (Fu et al., 2012, Kang et al. 2016). They are
nonvascular, herbaceous, non-woody plants that absorb water
and nutrients mainly through their leaves and harvest carbon
dioxide and sunlight to create food by photosynthesis. As
sentinel organisms, moss plants are commonly used as bio-

indicators of air pollutants because they are readily available
and can integrate air pollutants over a long period of time,
making them well suited for measuring chronic low-levels of
air pollution (Buck and Goffinet 2000; Lim et al., 2006).

Polycyclic aromatic hydrocarbons (PAHs) are a class of
hazardous organic compounds consisting of three or more
benzene rings fused in various structural configurations with
no heteroatoms or substituents. They are subset of organic
compounds known as persistent organic pollutants, POPs
(Adie et al., 2014; Abdel-Shafy, 2016). In PAHs, carbon and
hydrogen atoms are bonded in simple to complex ring systems
in the benzene ring arrangements, conferring a wide diversity
of physical, and chemical characteristics. As a member of
POPs, they possess the family characteristics of persistence in
the environment, bioaccumulation in animal and human
tissues, potential toxicity and long-range transport, hence,
their presence in areas far removed from point of discharge.
They are mostly colourless, white, or pale yellow solids.
PAHs in the environment are derived principally from natural
and technogenic sources (Srogi, 2007; Ravindra et al., 2008;
Ramesh et al., 2011; Abdel-Shafy and Mansour, 2016). The
major source of PAHs is the incomplete combustion of carbon
bearing materials such as coal, fossil fuels, garbage and wood.
Source apportionment studies classify PAHs in the
environment as derived from biogenic, petrogenic and
pyrogenic processes. Biogenic PAHs are those produced
biologically by certain plants and bacteria during the
degradation of vegetative materials; and by other natural
processes such as forest fires, volcanic activities, bacterial and
algal synthesis, seepages from oil deposits and sedimentary
rocks abrasion (Ma et al., 2013; Liu et al., 2016). Biogenic
PAHs such as cadelene, simonellite and retene derived from
higher plants by diagenetic processes have been reported (Ma
et al., 2013; Oyo-Ita et al.,2013; Adie et al., 2014). Petrogenic
PAHs derive from crude oil exploration activities including
exploitation, transportation, storage and usage. Pyrogenic
PAHs are those formed whenever carbon bearing substances
are burned at high temperatures (Offiong et al.,2012; Wang et
al., 2012; Abdel-Shafy and Mansour, 2016; Liu ef al., 2016).
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Many useful products such as mothballs, blacktop and
creosote contain PAHs. They are also found at low
concentrations in skin creams and anti-dandruff shampoos that
contain coal tars. Although largely insoluble in water, low
molecular congeners are soluble and dissolve in water and
enter groundwater from ash, tar or creosote improperly
disposed in landfills. In aquatic organisms PAHs may enter
through respiratory organs by ingestion or through the skin
(Liu et al., 2013; Ma et al., 2013). In humans, PAHs exposure
may occur through breathing, drinking, eating or touching.
This group of approximately 10,000 organic compounds has
received global attention due to their toxic, mutagenic and
carcinogenic properties (Chen et al, 2007; da Silva et al,
2007; Li et al., 2010).

Incineration is often the option adopted by residents of
Makurdi and indeed, many parts of Nigeria to reduce, and or,
eliminate solid wastes, and by farmers in the suburbs to
prepare farmlands for cultivation. This practice has the
potential of releasing PAHs into the atmosphere. There is
therefore the need to conduct atmospheric auditing of the area
from time to time to ascertain its purity, or otherwise. This
research was therefore designed to investigate the occurrence
and sources of polycyclic aromatic hydrocarbons in the
atmosphere in Makurdi and environs using Funaria
hygrometrica moss as bio-indicator.

1.1 The Study area

Makurdi is the administrative headquarters of Benue State in
the middle belt area of Nigeria. It lies within latitudes 7.73°N
and 7.44°N, and longitudes 8.52°E and 8.32°E. It is situated on
an elevation of 104 metres above sea level with a population
of 297,398 and sits on an area of approximately 804.35 km?,
The soils are derived from Precambrian basement complex
rocks and quaternary alluvial deposits of the Benue River as
parent materials (Adie et al., 2014). The annual rainfall ranges
between 1,200 to 1650 mm and is distributed between
March/April and October/November preceding a marked
season of dryness lasting usually four months. This sprawling
town is bisected by the River Benue, from where the State
derives its name into, North Bank and South Bank. The town
has the Tiv speaking tribe as its traditional inhabitants, who
are predominantly agrarian, cultivating cash crops ranging
from yams, cassava, potato as well as fruits of various kinds,
all at subsistence levels. Makurdi is home to every tribe in
Nigeria given its history as a railway stopover station. In
recent times the city has attracted an influx of internally
displaced persons as a result of various crises rocking the
country. This has increased the population of artisans of
various skills and persuasions. The resultant effect is a spike
in environmental pollutants in the area. Being a nodal town,
Makurdi plays host to a huge volume of vehicular movements
crisscrossing the length and breadth of the country.
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II. MATERIALS AND METHODS
2.1 Sample collection and preparation

Funaria hygrometrica samples were collected from 15
different locations to reflect a good spatial coverage of

Makurdi town and its environs between the months of May
and August 2019. The sampling sites were selected in a
manner that best represents the local deposition pattern with
respect to topography and dominant wind directions. Factors
such as temperature, humidity, rainfall and sunshine that
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favour the growth of moss plants were consideration. Each
sampling site typically consisted of colonies of the moss
species. The sampling locations were at the following areas;
Achusa Village, Ankpa Quarters, Apir Village, Court 5,
Federal Low Cost (FLC), Federal Medical Center (FMC),
Gaadi Comprehensive College, Idye Village, Kanshio Village,
Wurukum, Modern Market, Mu River bridge, Water Board
Makurdi, Benue State University and North Bank.

With the aid of sterilized spatula, samples were collected by
scraping them from the substrates into the steel tray and were
immediately transferred into aluminum foil (Lane, 1989).
Each sample was collected from different habitats ranging
from blocks to walls of buildings, bark of large trees and
culverts. The samples were wrapped in an aluminum foil to
protect them from light and kept in icebox and transported to
the laboratory for analysis.

Samples were carefully cleaned of adhering impurities under
dry conditions. Only the green leafy parts of the moss known
as the gametophytes were used for analysis.

2.2 Sample extraction

The glassware used in this work were thoroughly washed with
water and detergent, and rinsed with excess distilled water.
They were allowed to drain and thereafter placed in the
electric oven at 105 °C for 6 hours in order to get rid of any
traces of organic compounds. The ground sample (1.0 g) was
mixed with anhydrous sodium sulphate (1: 1 w/w), in order to
remove traces of moisture from the sample and then sonicated
with 3 x 40 mL of dichloromethane (DCM), for four hours,
and the extracts bulked. The bulked extract was reduced to 1.0
mL using vacuum rotary evaporator (Laborota 4001,
LabPlant, Huddersfield, England) prior to clean up.

2.3 Sample clean-up

The sample was subjected to column chromatographic
separation using silica gel (United States Environmental
Protection Agency Standard Silica Gel Clean Up Methods).
The thoroughly washed, rinsed and packed column was pre-
eluted with 20 mL hexane. The acid silica gel was prepared by
mixing high purity (> 95%, Merck) concentrated
tetraoxosulphate (VI) acid with silica gel in the ratio 1: 8 by
volume. The sample was then eluted with 100 mL hexane
followed by 200 mL of dichloromethane. The eluate was
reduced under pressure to approximately 1 mL prior to
injection into the GC-MS.

2.4 PAHs analysis

Using column injector, the sample was injected in splitless
mode at the injection temperature of 300°C into the GC-MS
with an injection time of 1 minute for detection and
identification of PAHs in the matrix. An isocratic mobile-
phase mixture of 37.5: 62.5 (v\v) acetonitrile and water
containing tetramethyl ammonium perchlorate and 0.1 mL of
70 % (v\v) HCIO4 were used to elute the sample through
guard and 7.5 mm analytical column. The remaining
constituents, including the analyte were removed by washing

the cartridge with 0.25 mL (v\v) mixture of 0.1 M HCIO, and
acetonitrile with a purified helium used as carrier gas with a
flow rate of 1.5 mL/min. A 50 mL aliquot was injected unto
15 cm ¥ 4.6 mm column coated with 10 pm porous silica
with Cgbonded stationary phase with an injection time of 1
min. The individual identification of the compounds was
based on their retention time in comparison with those of the
standards and on the ratio mass to charge (m/z) of the
quantitation ion of each compound.

The peak of each analyte in the sample chromatogram was
identified by comparing its relative retention time (RRT) with
the RRT of the analyte in the chromatogram of the standard
mixture. The quantitative calculation for each compound was
done by comparing its relative peak area (RPA) in the sample
chromatogram with its (RPA) in the chromatogram of the
standard mixture using one-point calibration method. The
concentrations in moss plant tissue is a reflection of its total
atmospheric concentration in a given location.

2.5 Analytical method validation

The analytical procedure was optimized for identification and
quantitation of PAHs using analytical protocols adopted by
the International Conference on Harmonization, ICH, of the
European Medicines Agency (EMEA, 2006). Recovery
studies, linearity, precision, accuracy limits of detection and
limits of quantitation were optimized.

Recovery of the 16 PAHs relied on the use of surrogates as
internal standard. The average recovery of the internal
standard ranged from between 66.31% and 92.48%, while the
relative standard deviation (RSD) was between 1.07% and
7.81%. The data falls within the acceptable values of the
United States Environmental Protection Agency, USEPA
(2010), criteria. The detection limits, DL, of the instrument
was obtained from the equation; DL = 3o/s, while the
quantitation limits QL, was calculated from QL = 10o/s,
where o, is the standard deviation of the analyte’s blank and s,
the slope of the calibration curve.

Method linearity for compound identification was evaluated
by plot of response against retention time, while compound
quantitation was obtained from the plot of peak area against
compound concentration of working calibration standards.
Precision utilized repeatability of six determinations, and
relied on the relative standard deviation, RSD, of the run data.
The accuracy of the method was evaluated by comparing data
with results of reference standards.

III. RESULTS AND DISCUSSION

The study set out to identify and quantitate sixteen (16) US
EPA priority PAHs in moss samples harvested within and
around Makurdi, the Benue State capital in the middle belt
region of Nigeria. Results of the GC-MS analysis is presented
in Table 1. Data revealed that moss samples obtained from
Ankpa quarters and Gaadi Comprehensive Secondary School
area completely lacked any of the PAHs investigated.
Naphthalene, a 2 ring PAH was the most prevalent in the
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samples, occurring in all but samples from Ankpa quarters
and Gaadi area. Moss samples from Modern market and
Wurukum indicated highest frequencies of PAHs occurrence.
These are areas of dense economic and commercial activities,
and housing the biggest markets in Makurdi metropolis.
Samples from Benue State Water Board area, Benue State
University and North Bank axis of the town were the next to
indicate high PAHs frequencies of occurrence with values of
8, 6, 6 respectively. Samples from Apir, an area that hosts
auto mechanic village has PAHs occurrence frequency of 5,
while the remaining samples indicated frequencies of 1 or 2.

Total PAHs concentration per site ranged from 0.00 to 11.54
ng/g. Moss samples from modern market indicated highest
total PAHs concentration of 11.54 ng/g. Results indicated
samples from residential areas of Achusa, Ankpa, and Gaadi
recorded 0.00 ng/g of total PAHs concentrations, whereas,
areas of high economic and commercial activities showed
concentrations proportional to anthropogenic activities.

A quick glance at the results in Table 1 would impress a
benign PAHs profile in the samples studied because many
samples turned out, not detected (ND) response. However, a
closer look at some of the results at Wurukum, Modern
Market and Benue State Water Board showed concentrations
that exceeded threshold limits value, TLV set by regulatory
authorities. For instance, naphthalene WKM (2.02 ng/g),
MMK (7.83 ng/g), WBM (1.09 ng/g); fluorene MMK (1.04
ng/g); anthracene MMK (0.89 ng/g); phenanthrene MMK
(1.05 ng/g); benzo[a]anthracene MMK (0.11 ng/g); chrysene
WKM (0.08 ng/g), MMK (0.08 ng/g); benzo[b]fluoranthene
(0.07 ng/g) and benzo[e]pyrene WKM (0.01 ng/g), MMK
(0.06 ng/g), WBM (0.01 ng/g) all showed concentrations that
exceeded threshold levels.

Among the PAHs detected, lower molecular weight (LMW)
compounds were the prevalent, whereas, the higher molecular
weight (HMW) congeners were sparsely found, implying that
PAHs load in the study area derive mostly from petrogenic
sources. Sowles (2005) reported that HMW PAHs are less
acutely toxic but more carcinogenic than LMW PAHs. In
general, HMW PAHs degrade less rapidly and therefore
accumulate more in the environment. It must be stated here
that PAHs source identification relying only on molecular
weight is insufficient and other indices are often employed to
support this.

3.1 PAHs Source apportionment by molecular ratios

Table 2 gives molecular ratios of the PAHs detected and
quantified in the studied samples, while a 2-tailed Pearson

correlation statistics of the molecular ratios is presented in
Table 3. Molecular ratio makes use of relative concentrations
of PAHs isomers detected and quantified in the environment
to evaluate the sources of the compounds. For instance,
phenanthrene and anthracene, both with a molecular weight of
178 are known to have different thermodynamic and kinetic
stabilities in the environment. A ratio of Ph/A > 1, is
indicative of petroleum inputs, because phenanthrene is found
in high concentration in petroleum. Table 2 therefore indicates
that PAHs in the study area derive from both petrogenic and
pyrogenic fluxes. FIA/(FIA + Py) from Table 2 also suggest
mixed sources of the compounds. Yunker et al. (2002)
suggested that petroleum combustion products have a
FIA/(FIA + Py) range of between 0.4-0.5, while PAHs from
combustion stubble and other vegetation materials have ratios
greater than 0.5. The ratio A/(A + Ph) have equally been used
in apportioning sources to PAHs in some studies. Yan et al.
(2006) reported that values < 0.1 indicate petrogenic sources,
while values > 0.1 implies combustion sources. Results in
Table 2 therefore ascribe pyrogenic contributions to PAHs in
the study areas. The anthracene-phenanthrene ratio show
strong correlation which is significant at the 0.01 level (2-
tailed). Yunker et al. (2003) indicated that BaA/(BaA + Chy)
values < 0.2 implies petrogenic inputs, while values >0.35 are
combustion derived. Table 2 therefore indicates that BaA and
Chy identified in MMK were solely from pyrogenic activities.
BaA and Chy ratio correlated with FIA and Py which is
significant at the 0.05 level (2-tailed), Table 3.

IV. CONCLUSION

Thirteen (13) of the sixteen (16) USA EPA listed PAHs were
detected and quantitated in the moss samples. None of the
PAHs studied was detected in samples from Ankpa and
Gaadi. High molecular weight benzo[ak]anthracene,
indeno[1,2,3]pyrene and benzo[ghi]perylene were those not
detected at all in any of the samples. Most of the samples
returned, not detected (nd) for majority of the compounds,
suggesting low pollution levels of the compounds in the area
under study. Although occurrence of PAHs in the study area
was not extensive, there are some worrying signs as some of
the detected and quantified compounds such as anthracene
and phenanthrene (MMK) showed concentrations which
exceeded the threshold values.

Molecular ratios used in source identification revealed mixed
sourcing of PAHs from combustion and petroleum-related
activities. Statistical treatment of the data using Pearson
correlation matrix confirmed mixed sourcing of PAHs in the
moss samples studied.
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Table 1: Concentration of PAHs (ng/g) in moss samples in the study area

Compound Number n v ~ “ v .
. 0 o a m | Q = =2 = D = >'g
Q & = 5 £
of rings = & < 3 =) 2 3 g | & = § s | 8 a g =
0.1
0.13 | 008 | 0.09 0.06
Naphthalene 0.15£0.0 0+ | 0.16£0. | 2.0240. | 7.83+ 1.09+ | 0.18+ | 0.11
2 ND | ND 01 £0.0 1 200 ) 200 1 ND 1561 o0 003 | 0003 | %9 | 0002 | 0.001 | 0.001 | ©2
01 00 00 ol 00
Acenaphthylene 0.05+£0. | 0.12+ 0.02+ | 0.01=
B ND | ND ND ND | ND | ND ND |ND| ND 000 | 0001 | N2 [ 0000 | 0000 | NP | 02
Acenaphthene 0.04+0. | 0.17+ 0.01+ | 0.01%
0 ND | ND ND ND | ND | ND ND |ND| ND 000 | 000t | N2 | 0000 | 0000 | ND | 02
Fluorene 0.0 0.09+0. | 1.04= 0.09+ | 0.01+
3 ND | ND ND ND | ND | 002 | ND p ND 001 0005 | N0 | 0000 | 0000 | 006 | 02
Anthracene 0.02+0.0 0.02+0. | 0.89= 0.01= | 0.03+
3 ND | ND 00 ND | ND | ND ND |ND| ND 000 | 0002 | N2 | 0000 | 0000 | 007 | 02
Phenanthrene 0.03+£0.0 0.11+0. 1.05+ 0.06+ | 0.01+
3 ND | ND 00 ND | ND | ND ND |ND| ND 002 | 0003 | N2 | 0000 | 0000 | 004 | 02
Fl“"thhene ND | ND ND ND | ND | ND | ND [ ND| ND 0'8(2)30' g'ggf ND | ND | ND | ND | 02
Pyrene 0.07+0.0 0.03%0. | 0.03= 0.01+
) ND | ND ol ND | ND | ND ND |ND| ND 000 | 0000 | N0 | 0000 | ND | ND | 02
Benzo[a/ thracene ND | ND ND ND | ND | ND ND |ND| ND ND g.(1)(1)§ ND | ND | ND | ND 0(‘)20
Chrysene 0.01£0.0 0.05+0. | 0.08= 0.01£ | 0.00
A ND | ND 00 ND | ND | ND ND |ND| ND 000 | 0000 | ND | ND | ND | oo S
Benzo[b ]ﬂsu"ranthene ND | ND ND ND | ND | ND ND |[ND| ND ND 8‘333 ND | ND ND ND 0(')%0
Benzo[k]ﬂ;“’r anthene |y | Np ND ND | ND | ND ND |ND| ND ND ND | ND | ND | ND 8‘8(1)16 0(‘)(;0
Benzo[e]pyrene 0.01£0. | 0.06+ 0.01+ 0.00
. ND | ND ND ND | ND | ND ND |ND| ND 000 | 0001 | NP | goo0 | ND | ND | 50
leenz"r[l‘;’ h;amhrace ND | ND ND ND | ND | ND ND |ND| ND ND ND | ND | ND | ND | ND 0(')%0
Indenof/,2,3- ND | ND ND ND | ND | ND ND |[ND| ND ND ND | ND | ND Np | np | 000
cd]pyrene 6 04
Benzo[ghé]p erylene | \p | ND ND ND | ND | ND ND |ND| ND ND ND | ND | ND | ND | ND 0(‘)(;0
No. of PAHs per site 1 0 5 1 1 2 0 2 1 10 12 1 8 6 6
<02
Total PAHs 000 | 000 | 028 | 013|008 | o011 | 000 |%| o016 244 | 1154 | 006 | 130 | 025 | 030 | mg
Concentration/ Site 4 e

TLV= Threshold limit value; ND= Not detected; ACS=Achusa village; ANK=Ankpa quarters; APR=Apir village; CT5=Court 5; FLC=Federal Low Cost, North
Bank; FMC= Federal Medical Center, Wadata; GAD=Gaadi; IDE=Idye village; KSO= Kanshio; WKM= Wurukum, MMK= Modern Market; MUR=Mu River;
WBM=Water Board Makurdi; BSU= Benue State University; NBM = North Bank Market

Table 2: Molecular ratios of quantified PAHs in moss smaples

\?\I/IK APR | MMK | WBM | BSU NBM
FIA/(FIA +Py) 0.40 - 0.75 - - -
A/(A +Ph) 0.15 0.40 0.46 0.14 0.75 0.64
BaA/(BaA +
Chy) - - 0.58 - - -
Ph/A 5.50 1.50 1.18 6.00 0.33 0.57

Table 3: Pearson correlation matrix of the molecular ratios used for source
apportionment

Correlations®
FIA/(A + BaA /(BaA
Py) AJ(A +Ph) "+ Chy) Ph/A
1
FIA/(A + Py)
-.168 1
A/(A +Ph)
750
BaA /(BaA + 863 111 1
Chy) 027 834
Ph/A .048 -927" -257 1
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928 .008 .624

*_ Correlation is significant at the 0.05 level (2-tailed).

**_ Correlation is significant at the 0.01 level (2-tailed).

c. Listwise N=6

Descriptive Statistics

Mean Std. Deviation N
FIA ((FIA + 1917 31689 6
Py)
A/(A +Ph) 4067 23475 6
BaA /(BaA
+ Chy) .0967 23678 6
Ph/A 2.5133 2.54657 6

V. RECOMMENDATIONS

Other biological indicators could be employed in the

investigation of atmospheric pollution of =~ PAHs to
authenticate data by moss plants, and other air sampling
techniques. Secondly, uncontrolled burning of solid

wastes and vegetation must be regulated to check PAHs load
in the atmosphere.
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